Careless Mptar 
Bcickiji-wund of the liiven tj cm 

technical. Field 

This invention relates to a careless motor suitable far use as a 
driving force of precision equipment. 
Description of the prior art 

A small-sized motor used as an actuator for precision equipment 
has oonventi onal 1y contained a careless motor in which a rail 
circulates around a magnet. Its merits are that it is free fran 
reluctance torque that occurs in a cored motor (motor with an iron 
core) , that commutation sparks are few and electric noise is little 
and that the rotor inertia is small and responsiveness is resultantly 
excellent, among other characteristics. 

It is a matter of course that a motor to be used as a driving 
force for precision equipment must be excellent in responsiveness and 
our i Lix /l 1 ahi 1 i t y . In the case of precision equipment having many motors, 
furthermore, ea c h motor is required to consume little electric pcwer 
and to have high energy efficiency. 

Although the co nve ntional careless type motor is excellent in 
responsiveness and co n tr ol 1 abi 1 i ty , it also has a shortocxtiing of not 
necessarily being characterized by high energy efficiency for the 
reasons shown below. 

The conventionally used careless motor is of the type in which a 
cylindrical-form rail is revolved in a gap between a magnet and a c oil 
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yoke, but rotating torque working cai the said coil arises in the 
direction that constitutes a right angle with the i«H wire ccnposing 
the noil ; as such, if the direction of the loaH wire ccnposing the 
ooil (direction of wiring) is arranged to be in a right direction with 
the rail revolution circixnferenae direction, the ra te of rotating 
torque (rotational output) in relation to the strength of a magnetic 
f ield for m ed by the coil will rise, so that a motor featuring high 
energy e ff iciency can be obtained. 

However, a cylindrical-form coil is so carposed that the lead 
wire constituting the rail is not wound to be in par-all oi with the 
elevated height of the coil but desigrvyi to have seme degree of 
inclination angle, such that when the inclination angle becomes larger, 
the rotating torque working on the magnet reduces, lowering energy 
efficiency. 

If the axis direction length is tried to be sh or t en ed in such a 
motor, therefore, the angle farmed by the coil winding direction with 
the rail axis direction will become larger, and energy efficiency will 
accordingly decline further, which poses a barrier in realizing small- 
sized high-efficiency motor. 
Cbject of the present invention 

Ihe cbject of this invention is to realize a small-sized 
careless motor excellent in responsiveness and co nt r ol ] aba 1 i +Yj 
capable of obtaining greater rotating torque in oenparisen with 
driving electric power supplied to the rail and featuring great 
intensity, ease in assenfaly and high energy efficiency. 
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Summary of the Invention 

To attain the said object, the car e less motor relating to claim 
1 is to be the one equipped with a ring-shaped mi 1 yoke fitted to the 
interior of a casing, which has a conductive-nose coil co nn ected to a 
ring-shaped magnet, whose external ci Txaxctf erenoe face stands opposed 
to the internal circumference face of the mil yoke, with the mil 
designed to revolve jointly with the rotating axis following power 
input to the said coil; wherein the said mil confronts the upper and 
lower faces of the magnet and consists of a flat portion whose plane 
part takes an arc form and of a curved-and-f olded portion ccnposed of 
a winding unit confronting the external circumf erence side face of the 
magnet, while the section from one end of the lead wire ccnposing 
these winding units to its other end constitutes a continuous hoi lew 
unit; wherein a thin-sheet flange is installed on the lower part of 
the coil holder fixed to the periphery of the said rotating axis, 
while multiple coils are attached so as to be arranged in line with 
the circumference direction of the magnet by fixing the flat portion 
on the lower side of each coil to the flange; and wherein thin/round 
armulus-shaped upper-side reinforcing platps are attached to the flat 
portion on the "upper side of each mil . 

The careless motor relating to claim 2 of this invention is so 
ccnposed that thin/round annulus-shaped lower^side reinforcing plat-re 
are attached to further below the flat portion of the aoil which is 
fitted to the lower face of the said coil folder flange. 

The careless motor relating to claim 3 of this invention is so 
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cr np osad that: the aforementioned lower^side reinforcing plates are 
installed in pa-mURl with the flange through the mediation of a 
spacer, whose length is almost equal to the thickness of the flat 
portion on the lower side of the coil, while the flat portion on the 
lower side of the ooil is inserted to, and fixed in, the gap formed by 
the spacer between the flange and the lower-side reinforcing plates. 

The coreless motor relating to claim 5 of this invention is so 
acnposed that the said upper^side reinforcing plate is made of 
conductive materials, that one end of each mil is linked to the said 
upper-side reinforcing plate, that the other end of each rail is 
connected to the commutator formed around the rotating axis, which is 
set below the rail holder. 

The careless motor relating to claim 5 of this invention is the 
one equipped with a ring-shaped rail yoke fitted to the interior of a 
casing, which has a cxmductive--use rail connected to a ring-shaped 
magnet, whose external ci tcxbxE erenoe face stands opposed to the 
internal ci rrajnf erenoe face of the ooil yoke, with the ooil desigrv=*i 
to revolve jointly with the rotating axis following power input to the 
said coil; wherein the said coil confronts the upper and lower faces 
of the magnet and consists of a flat portion whose plane part takes an 
arc form and of a curved-andHEolded portion ocnposed of a winding unit 
confronting the external ci rcuctf erenoe side face of the magnet, while 
the section f rem one end of the lead wire aenposing these winding 
units to its other end constitutes a continuous hollow unit; wherein 
the said magnet is 4-pol ar-magneti zatd on arranged in the radius 
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direction, and as for the roils mentioned above, 3 are installed 
around the rotating axis; and wherein for ocnmatators fixed around the 
rotating axis, 6-segment ones are used, with 2 brushes set in 
positions each farming an angle of 90° in relation to the oumiu tator. 

The careless motor relating to claim 6 of this invention is the 
one f^iippprt with a ring-shaped noil yoke fitted to the interior of a 
cas in g, which has a cxaiductive- j use aoil connected to a ring-shaped 
magnet, whose external ci rcunf erence face stands opposed to the 
internal ciraxnference face of the mil yoke, with the aoil cterigned 
to revolve jointly with the rotating axis following power input to the 
said aoil; wherein the said aoil confronts the upper and lower faces 
of the magnet and consists of a flat portion whose plane part takes an 
arc farm and of a curved-and-f aided portion o c nposed of a winding unit 
confronting the external cdromf erenoe side face of the magnet, while 
the section f rem one end of the lead wire cenposing these winding 
units to its other end constitutes a continuous hollow unit; wherein 
the said magnet is 2^po1 ar-magneti zati on arranged in the diameter 
direction, and as for the rails mentioned above, 3 are installed 
around the rotating axis; and wherein for cxmnutators fixed around the 
rotating axis, 3-segnsnt ones are used, with 2 brushes set in 
positions parallel with each other in relation to the acramitator. 

The ooreless motor relating to claim 7 of this invention is so 
ocnposed that the afaranentioned magnet is fixed to the external 
c±raxnference of the ring-shaped magnet holder, which is equipped with 
a cylinder unit, desigrvyj to hold a bearing, in its i^per part, with 
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this cylinder unit inserted into, and fitted to, a boss formed in the 
center of the top panel of the casing, while the said rotating axis is 
held, in a revolution possible way, by a bearing installed within the 
said cylinder unit. 

The careless motor relating to claim 8 of this invention is such 
that its magnet holder mentioned above has a dented portion on its 
lower side, with the upper portion of the coil holder ccnposed so as 
to touch this dented portion of the magnet holder. 

The careless motor relating to claim 9 of this invention is such 
one in which the interior surface of toe said coil yoke is shaped in 
line with toe external cdrcunf erence side face and upper/lower faces 
of the coil, and the coil yoke is formed by bonding together the upper 
half portion of the coil yoke that contains the upper half of the coil 
and its lower half portion that contains the lower half of the mil . 

The coreless motor relating to claim 10 of this invention is 
such one wherein toe said magnet is ccnposed by arranging 4 arc-shaped 
magnets, individually magnetized in the radius direction, in a ring 
foam. 

Rrief dpscription of the drawings 

Rarther feature of the present invention will become apparent 
to those skilled in toe art to which the present invention relates 
frcm reading the following specification with reference to the 
a oocnp anying drawings, in which: 

Fig. 1 is a vertical cross-secticn diagra m shewing an grfooriiment 
of the motor relating to this invention; 
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Fig. 2 is a lateral, cross-section diagram showing an enbodiment 
of the motor relating to this invention; 

Fig. 3 is an cfolique view diagram of the rail ; 

Fig. 4 is a acnposition diagram illustrating the relationship 
between the ccmnutators and brushes in the 1 st embodiment; 

Fig. 5 is a time chart for electric conduction to the coil in 
the 1 st /yinnpnt; 

Fig. 6 is an cfrVliqiip disasserbly view diagram ; 

Fig. 7 is a acnposition diagra m showing the relationship between 
the acnnm tatars and brushes in the 2 nd enfaodiraent; 

Fig. 8 is a time chart for ele c tric conduction to the rail in 
the 2 nd mil** vHTmta?i^; and 

Fig. 9 is a plan for the magnet when the magnet is occtposed of 4 
arc"~f penned magnets. 

Detailed description of the present invention 

Hereunder, an oibodiment of the ooreless motor relating to this 
convention is explained based on a specific example shown in the 
attached figure. 

A casing 1 is formed in a cylindrical form whose lower end is 
opened, while at the aenter la of the top panel of the casing there is 
a cylinder-shaped boss 2, vtose upper and lower ends can be opened, 
and into the said boss, a cylindrical unit 6a of a magnet holder 6 - 
which has a ring-shaped magnet 5, concentric with the rotating axis, 
on its external ci rctinf erenoe — is ins e rted, while 2 (upper and lower) 
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rcw b ea r ings 3, 3 are contained in the vertical center hole in the 
said magnet holder, with -die central axis 4 being supported, in a 
revolution possible manner, by these bearings. 

Each aforesaid magnet 5 is, for instance, 4-poler magnetized in 
the radius direction, while the upper and lower faces and external 
cdrctraference side face of magnet 5 are opposed to the internal 
rri Txaxnf erenoe face of rail yoke 7, formed on the internal 
<r i m in ference face of the said casing 1, with a suitable gap in 
between, while in this gap power conductive rails 8, 8 are installed 
in a manner not to contact the magnet and the coil yoke. 

Each aforesaid rail 8 has, as shown in FLg. 3, upper and lower 
flat portions 8a, 8b, Which confront the upper and lower faces of the 
said magnet 5, and curved-and-folded portions 8c, 8d which confront 
the external oi rrajnf erenoe side faces of the magnet, while the 
aforesaid flat portions 8a, 8b are so ocnposed that each of their 
plane parts takes the form of an arc, with one end 8e of the lead wire 
to the other end 8f being farmed in a continuous hollow coil; thus, 
multiple rails (3 units in the case of Fig. 2) are arranged sid e by- 
side in the external circumference direction of the said magnet, in 
such a manner their winding units of their flat potions are expo sed to 
the upper and lower faces of the magnet, while the winding units of 
the curved-and-folded portions are opposed to the external 
circumference s ide f a ce of the magnet. 

Meanwhile, the internal face of each afore mentioned rail takes 
the form in line with the upper and lower faces and external 
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cdjxunferenae side face of magnet; 5, so that the distance between the 
mutually confronting p or t ions of the rail and magnet is constant. 

Furthermore, the aforesaid rails 8, 8 are supported, with their 
lower flat portion 8b sandwichad by the lower face of a flange 9a, 
which is f o rmed on the lower part of the coil holder 9, which is in an 
almost round plate form and fixed to the periphery of the aforesaid 
rotating axis 4 , and lower-side reinforcing plate 10; to be more 
precise, lower-side reinforcing plate 10 is attached to flange 9a 
through the mediation of spacer 11, and based on this arrangement, 
lcwer-si.de flat portion 8b of the rail is inserted into the gap 
between the lower-side reinfoaxdng plate and the flange, and it is 
fixed in that state by means of additive and the like. 

The said spaoer 11 is so arr an ged that position alignment can be 
attained by contacting the peripheral part of the rail when attaching 
rails 8, 8 to the rail holder, such that a merit of inproved 
cperahility can be expected during the manufacturing of a motor. 

The upper portion of the said rail holder 9 is so ocnposed that 
it will engage with the interior of a dented portion €b fanned on the 
lower side of the said magnet holder 6; it is designed that, b ased on 
this a r r an g emen t, the height (thickness) of the motor in the axis 
direction can be reduced. 

Rirthermore, an anrxulus ring-shaped upper-side reinforcing plate 
15 is adhered to the upper face of flat portion 8a on the top of the 
rail . This upper-side reinforcing plate is made of a conductive metal 
sheet, while wire ocnnection^use protrusions 15a are formed at 3 
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points of the external cdrciinferenae, as shown in Big. 4, so that it 
will be possible to effect electric ocrinection between ooils by 
linking an end of each coil to the said protrusion. 

Said wire aonnection-use protrusion has a dented portion 
desig n ed to sandwich a mil lead wire, so that it is possible to put 
the lead wire in the dented portion and soldpr the wire easily. 

In addition, around the rotating axis in the lower central part 
of the said coil holder 9, a cxmnutator 12 is installed, and of two 
ends of the lead wire that constitutes the af or ementio n ed coil, the 
one not connected to the said upper-side reinforcing plate can be 
linked to this ocmnutator, so that contact can be made with brush 14 
frcm a lid plate 13, which also serves as a brush stand, blocking up 
the lower part of an cpening for the casing 1. 

The aforementioned ocmnutator 12 is made of 6 segments, as shewn 
in Fig. 4, with two confronting terminals co nn ected to one end of the 
same coil, while the said brushes 14 axe installed at positions 
individually foaming an angle of 90° in relation to this ocmnutator 
terminal, such that 2 brushes are ripsignRri to be individually 
co n nect e d to 2 terminals each of 6 ocmnu tator terminals. Ascardingly, 
the conductive time chart for the 3 mils will be as indicated in Big. 
5. 

In Figs. 4 and 5, synbols A, B and C are allotted to the 3 ooils 
for differentiation purposes; and syntools a, b and c are attached to 
the tTRTTTrinals linked with the individual ooils, to show corresponding 
relationship between the terminal s and coils. Rarther, syrrbol 12a in 
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FLg. 4 represents a conductive circuit designed to connect terminals 
installed in opposite positions. Although the circuit is shown with a 
thick line, in fact it is c om posed of mptal sheets or coated lead 
wires laid on the wire connection panels for the ccranutator. 

While the plane part of the said mil yoke is of a ring shape, 
and its internal structure is so arranged that the external 
cdroxttference side face and -upper/lower faces of magnet 5 
from outsid e in the radius direction, with the internal face thus 
forming an concave shape following the patterns of the exterior 
cnroxnference side face and upper/lower faces of the magnet; as shewn 
in Fig. 6, the rail yoke is cenpo sed of upper half portion 7a and 
lower half portion 7b. 

Said coil yoke consists of upper half portion 7a and lower half 
portion 7b, which are fabricated through press shaping of magnetic 
materials, such as iron, for instance. TJ£per half portion 7a may be 
made of the same material with that of casing 1 and unified with it 
into a single unit. 

In a motor cenposed as stated above, a rotational driving force 
arises around the axis of the coil upon power input to rails 8, 8 from 
brush 14 and ocmnutator 12, causing the revolution of rails 8 & 8, 
rail holder and revolving axis 4, which is the output spindle. 

In the said motor of this invention, lead wires oenposing the 
rail form an almost right angle with the revolving direction of the 
rail , and in addition, rail 8 surrounds not only the external 
cdrcunference face of magnet 5 but also its upper/lower faces as well, 
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while mil yoke 7 covers not only the external cLraxnferenoe face but 
also the upper/lcwer faces of the coil, so that most of magnet flux 
radiated frcm the magnet is led to the ooil yoke; as such, cxaisixiptian 
of driving electric pcwer to the rotational driving torque of rotating 
axis 4, which is the motor output, can be stall, such that an 
excellent motor capable of driving at a low electric power and 
characterized by high energy efficiency can be obtained. 

Next, the process for assembling the motor in the aforementioned 
embodiment is explained. 

First, fix lewer-side reinforcing plate 10 to flange 9a of ooil 
holder 9 through the mediation of spacer 11, and rotating axis 4 is 
forcibly pushed into the ce n tral vertical hole of ooil holder 9 and 
fixed in that state, while ocmnutator 12 is fitted to rotating axis 4. 

Then, around rotating axis 4, which is further above ooil holder 
9, lewer-sid e bearing 3, magnet holder 6 and upper-side bearing 3 are 
fitted in this order and fixed there. Around magnet holder 6, magnet 5 
is attached in advance. 

Subsequently, lower-side flat portion 8b of noils 8 , 8 is 
inserted between the aforementioned flange 9a and lower-side 
reinforcing plate 10 and fixed there with adhesive, and upper-side 
reinforcing plate 15 is attached and fixed to upper-side flat portion 
8a of the ooil, while one end of the lead wire constituting each ooil 
is linked to the upper- side reinforcing plate, with the other end 
connected to a terminal of the commutator. 

Next, upper half portion 7a of ooil yoke 7 is attached to the 
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interior of casing 1, while cylinder unit 6a of nagnet holcter 6 is 
inserted into and fitted to cylindrical boss 2; this should be 
followed by attaching lower-half portion 7b of the ooil yoke and 
covering the lower opening part of the casing by rceans of l irl plate 13, 
Which also serves as a brush stand, far the final aarpleticn of the 
motor. 

In the case of the motor in the first en to odi m ent, magnet 5 is 
designed as the 4-pol ar-magneti zed one, but the magnet can also be 
such one as 2 -polar magnetization arranged in the diarteter direction. 
In the latter instance, output properties, such as torque constant, 
are slightly inferior to those of the 4-polar^magnetized magnet, but 
ocnpared with other motors of the same size, its output p rop ert i e s are 
better, with an addRri merit of lower parts cost for the magnet. 

As to the 2 -polar-magnetized magnet mentioned above, 3— segment 
products such as those shewn in Fig. 7 are adopted as acmnutator 16. 
In this arran ge ment, two brushes 17, 17 are laid so as to be in 
parallel with each other. Its electric conductive time chart is shown 
in Eig. 8. 

When properties of the careless motor of this invention 
characterized by 4-polermagneti zati on (errbodiment 1) and the careless 
motor with 2-pole-inagnetization (orbodiment 2) , as ocnposed as stated 
above, are examined, the results shown in Table 1 below are obtained. 

In Table 1, the mark <t> in the cxxLunn of size indicates the 
diameter of the casing, while L in the same oolixnn shows the height of 
the casing. 
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Table 1 





The 1 st 
embodiment 


The 2 nd 
ertbocliiient 


Size0-L (nm) 


041-17 


041-17 


VolLme (fax?) 


22433 


22433 


Rated voltage (V) 


12 


12 


Startup current (mA) 


1065 


960 


Non-load mirber of revolutions 
(ran) 


2300 


3270 


Non-load current (mA) 


4 


4.8 


Startup torque (nttn) 


53.2 


33.2 


Torque constant (rrtin/A) 


50.1 


34.8 


l^fexiinxn output (W) 


3.17 


2.85 


*fexiinum efficiency (%) 


88 


86.3 


lyfechanical time constant (ms) 


12 


28 



As shewn in Table 1 shown above, both the 1 st embodiment and the 
2 nd embodiment of this invention are excellent in the startup torque, 
torque constant and, particularly, maximum efficiency. 

In the 1 st embodiment mentioned above, ring-shaped magnet 5, 
which is 4-pole-magnetized in the radius direction, is used. As shown 
in Fig. 9, however, there may be a case in which 4 arc-shaped magnets 
18, 18 are ar r an ged in the rri Txxntf erence direction to eventually 
co mp ose one ring-shaped magn et. 

Each aforementioned arc-shaped magnet 18 is magnetized in the 
radius direction. Based on this arr a ngement, it is possible to curtail 
the manufacturing cost in fabricating an aerotropic magnet featuring 
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strong magnetic foroe in acnpariscn with producing a ring-shaped 
radial aerotrcplic magnet. Aacxardingly, there is such a big merit as 
being capa bl e of reducing the magnet parts cost in the notar parts 
cost. 

The reason why a careless motor is said to be high priced is 
that, for its magnet, a product having strong magnetic power and 
therefore being expensive must be used. Accordingly, the merit in the 
capability of reducing the parts cost of the magnet is considerably 
inportant in attaining cost reduction of careless motors. 

As in the case of the e nb o d i m ents shown above, this invention 
rela t es to a careless motor, which is equipped with brushes far power 
conduction to the coil. The method of controlling the motor in the 1 st 
enbodiment, shewn above, can be suitably arplind to the brushless 
motor of the magnet revolution type. Namely, in the case of a 
brushless motor equipped with 3 and a 4 -polar radial 

magnetization ar r an ged magnet, the aforementioned purpose can be 
attained by effecting the same electric conduction control as shewn in 
the conductive time chart indicated in Big. 5 fcy using an ele ctron ic 
circuit, instead of the oenrautator and brushes in the 1 st enbodiment. 
To be specific, it should be arranged that the revolution location of 
the magnet will be detected through 3 hole sensors installed with a 
di stance of 60° or 120° on the revolving orbit of the magnet and that 
conductive control will be carried out in a<:x n r rlrino? with signals from 
these hole sensors. 
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Regarding the motor relating to this invention, coils are 
installed so as to surround the external circumf erenoe face and 

upper/lcwar faces of the magnet, such that most of magnetic flux frcm 
the magnet is guided to the coils, and that axisuxpticn of driving 
electric power to the rotation driving torque for the rotating axis, 
which is the output of the motor, can be small. As such, it is 
possible to obtain a motor capable of driving at a lew electric power 
and featuring highly good energy efficiency. 




Rirthexnore, the said rail is oenposed of a winding portion 
whose flat part forms an arc shape and a winding portion coif renting 
the external circumference side face of the magnet, with the section 
from one end of the lead wire that oenposes such a rail to the other 
end constituting a continuous hollow unit. Accordingly, most portions 
of the lead wire that cenp r i ses the rail form a right angle with the 
circumference direction of the magnet, namely the revolving direction 
of the rail . This allows effective utilization of magnetic flux frcm 
the magnet, which also helps cbtain a motor featuring high energy 
efficiency. 

Moreover, the upper flat p o rtion of the rail is held and fixed 
at its ce ntr al part fcy the upper-side reinforcing plate, while the 
lower flat portion of the rail is held and fixed at its ce ntr al part 
by the rail holder flange and the lower-sid e reinforcing plate. 
Because of this arrangement, sufficient intensity can be obtained even 
if a ce ntri fu g a l power is arpi-ioH due to the revolution of the rail , 
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with little fear of coil deformation needed during the revolution. 
Thus, it is possible to enhance the reliability of the motor. 

In addition, the said ooil yoke is so dpsiqnpri that its internal 
face follows the pattern of the external crijxxEnference side face and 
i^per/lc**ar faces of the coil, such that the magnetic flux from the 
magnet is effectively led to the coil yoke, that magnetic resistance 
is snail, that rotational unevenness rarely occurs and that, therefore, 
significantly smooth and stabilized revolving output can be obtained. 

In a cas e where the magnet is so ocnp osed as forming an arc- 
shape, furthermore, it is possible to obtain a magnet with s trong 
magnetic force at low prices, such that cost reduction of the motor 
can be expected from this design. 

While particular embodiments of the present invention have been 
illustrated and described, it should be obvious to those skilled in 
the art that various changes and modifications can be made without 
departing from the spirit and scope of the invention. 
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